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FOREWORD 

This is the final report  on Armour Research Foundation Project  KZ67 - 
"Integrated Welding Controls: Wire Feed - Travel  Speed" conducted for the 

George C. Marshall Space Flight Center of the National Aeronautics and 

Space Administration under Contract NAS8-2667. Work on the program 

star ted June 1, 1962: The prototype of the system was complete and opera- 

tional on April 5, 1963. 

The objective of the program was to  develop an  optimum sys tem of 

welding controls t o  integrate travel speed and wire  feed in the MIG welding 

process  without monitoring both variables independently. 

control one variable by hand adjustment. 

must resul t  in automatic positive non-feedback adjustment of the other var i -  

able to  conform to  some predetermined relationship. 

automatically compensate for  the nonlinearily of the var iables  in  the MIG 

process.  

This sys tem must  

Any variation in that parameter  

This relationship must  
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ABSTRACT 

/ 757p 
The report describes the development 

of an optimum system of welding controls to  integrate 

travel speed and wire feed in the MIG welding process  

without monitoring both variables independently. The 

system must control one variable by hand adjustment. 

The prototype system is described and s h o w n  s c h e - 
matically. &- 
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INTEGRATED WELDING CONTROLS 

WIRE FEED - TRAVEL SPEED 

I. INTRODUCTION 

The Metal ,  Inert Gas welding process, a lso designated MIG, is es- 

sentially an electr ic  arc  welding process in  an atmosphere of an iner t  gas 

such as helium o r  argon. 

electrode is in  wire  form supplied f rom a large spool. 

cally through the welding torch at a predetermined rate. 

with the wire,  moves along the weldment direction and is carr ied by a me- 

chanically driven box. 

manner, two basic variables,  the r a t e  of wire  feed and the sate ob t rave l  

speed a r e  accommodated. 

For  a continuous welding. system, the welding 

It is bed mechani- 

The welding torch, 

This unit is supported by a stationary beam. In this 

Commercially available equipment for  the continuous MIG welding 

process is usually furnished in two separate sections; one a portable box 

which contains the wire  feed drive and wire  supply, the other that par t  of 

the travel mechanism which rides on the stationary side beam and carries 

the torch. In 

normal  use, there are no mechanical o r  electronic interconnections between 

these two sections. 

Each section has its own se r i e s  motor and speed controls. 

To produce a satisfactory weld, the operator of such a commercial 

equipment must  find the correct  control setting for  the wire  deed and travel 
speed by trial and e r ro r .  

only for  one chosen t rave l  speed and one particular welding geometry in 

single pas s welding. 

It is known that the t ravel  speed and wire  speed should not be in- 

However, the established control settings apply 

c reased  in  direct  proportion t o  f u l f i l l  the requirements o b  a volumetric weld 

deposit. 

and less wire  is needed. 

t rave l  speed and wire feed controls provides automatic compensation. 

Less heat is los t  to the base metal  as welding speeds increase,  

Therefore, a nonlinear interconnection between the 

The objective of this project was to  develop and build an integrated 

package including the travel drive and wire  drive using positive non-feedback 

integrating controls. 
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11. PARAMETERS 

The ra te  of heat input to a weld is given approximately by 

where 

H = the heat, Joules/inch weld, 

V = the a r c  voltage, 

I = the a r c  current,  

S = the t ravel  speed, inisec. 

F o r  a given weld-bead geometry, the heat input can be adjusted to 

melt  a sufficient amount of welding wire  at a predetermined t rave l  speed. 

The amount of welding wire  which can be melted by the adjusted heat H 

(in Btu) is found as follows: 

where 

M = 

P 

mass o b  wire  (volume x density) 

C = specific heat 

= melting temp tm 
= r o o m t e m p  tr 

Qf = heat of fusion, Btu 

f rom this, 

H 
M =  C At tQf 

P 
and 

M 
density Volume = 

F o r  a chosen wire  diameter, the length of wi re  per second can be 

calculated f rom the volume. 

occurs.  

t r ans fe r  properties of the mass of mater ia l  to  be welded, and also upon the 
t rave l  speed. 

Howeverp a considerable amount of heat l o s s  

This amount of heat loss is a variable and depends on the heat 

To establish useful parameters of t ravel  speeds and wire feed ~ S X =  a 

system, it is adequate to  use simple volumetric calculations for  the wire 

- 2  - 



speeds for a given weld bead geometry and t ravel  speed. 

90 deg, a V weld using 1/8-in. thick plates with a 0.040 in. thick butted 

section (i. e. ,  the V is 0.085 deep) and assuming 1/16 in. diam welding 

wire, about 2-1/2 in. of f i l ler  wire a r e  required per inch of weldment, or 

a speed ration of 2-1/2. 

up to  approximately 20 to  1. 

111. THE PHOTOTYPE SYSTEM 

F o r  instance, for  

Heavier weld bead geometrics can vary  this ra t io  

Figure 1 shows a schematic of the drives. Speed t ransmission unit 

The output V-1 is driven by a 1/4-hp motor at constant speed at all t imes.  

of unit V-1 may be varied f rom zero to  1750 rpm. 

riage assembly through an electric clutch and a flexible shaft. 

output using 3.1 change gears in the carr iage,  t ravel  speeds of 40 in. /min 

can be obtained. 

tained by using change gear  in a ratio of 2:l o r  1:l  as desired. 

This unit dr ives  the c a r -  

At 1750-rpm 

Higher t ravel  speeds for  multi-pass welding can be ob- 

Unit V-1 also drives a second speed t ransmission unit V-2 through 

a timing belt and pulleys using a 1: 1 ratio. 

be varied using a speed change lever. 

is attached to  this unit. 

output shafts is 4.8: 1. 

speeds can be obtained in the range f rom z e r o  to  1750/4.87 o r  359 rpm. 

When one inch diameter pull rol lers  a r e  used to  drive the welding wire,  

wi re  speeds up to  1100 in. per min may be obtained. 

By varying the output speed of t ransmission unit V-1, the t ravel  

The output speed of this  unit can 

A reducing gear  box with a fixed rat io  

The resulting over-all  ra t io  between the input and 

By varying the position o b  the speed levero output 

speed will change. 

in a fixed rat io  providing its speed lever  remains fixed in one position. In 
practice however, it has been found that the rat io  of t rave l  speed and wire  

feed is not a l inear function through a useful rnage of t rave l  speeds. Less  

wire  feed is required as the travel speeds increase.  Therefore,  the speed 

lever  of t ransmission unit V-2 cannot remain fixed during changes in t ravel  

speed. 

t rave l  speeds as a function of dial setting. 

Transmission unit V-2 for the wire  feed, will a l so  change 

A. conversion table is included (Table 1) for  convenience in  finding 

- 3 -  
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IV. TRAVEL SPEED - WIRE FEED INTEGRATION 

To achieve automatically a continuous change of ra te  oA the wire feed 

as the t ravel  speeds increase,  a mechanical interconnection between the two 

drives is required. This interconnection must be positive non-feedback and 

must contain a memory according to a predetermined pattern. This is pro- 

vided for in the form of a cam and cam-lever a s  shown in Fig. 2. 

Graham speed transmission unit V - 2  is furnished with a speed lever shaft 

as standard equipment. 

over t o  the speed transmission unit V-2 and contacts the cam. 

attached to the rotary speed control of the Graham transmission which is in- 

cluded as standard equipment. 

The 

Attached to this shaft is the cam lever which reaches 

The cam is 

As the rotary speed control of unit V-1 is being turned through a 
microdrive, the t ravel  speed changes. 

its r i s e  o r  fall will move the cam lever attached to the shaft of the built-in 

speed lever of unit V-2. 

This control a l so  turns the cam and 

It is necessary to  know a reference point for a particular weldment 

geometry. 

275 in. of 1/16 in. diam wire at 20 inches t ravel  per minute for a weldment 

geometry of 90 degree included angle v for  1/4-in. thick aluminum plate. 

The t ravel  speed is simply se t  for 20 in. t ravel  on the mas ter  dial. 

wire  speed must be adjusted for 275 in. per min. 

the thumb screw mounted on the cam lever ,  which brings the built-in speed 

lever into its proper position. 

proper position is indicated when the hand of the indicator coincides with 

the mark  1/4. Fo r  convenience, there  a r e  marks on the cam lever and 

For  instance, it is known that such a reference point would be 

The 

This is done by turning 

This does not affect the cam lever. The 

the cam itself. 

the 1/4 reading. 

tabli shed reference point. 

cally in  a similar manner by means oi the cam for all other chosen t rave l  

speeds. 

V. 

When these marks line up, the slope adjustment is se t  at 
These settings wi l l  then coincide with the previously e s -  

Wire speed integration is accomplished automati - 

GENERATION OF CURVE TO INTEGRATE TORCH 
TRAVEL SPEED WITH WIRE FEED RATE 

Torch t rave l  speed ranged f rom 25 to 45 in. per min, and wire  feed 

rate f rom 250 to  400 in. per min. Torch t ravel  speed was held constant 

- 6 -  
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for  each test ,  and wire feed rate varied from one extreme to the other. 

Weldments were examined by cross sectioning to determine optimum wire  

feed; the proper wire feed was determined on the basis of the appearance 

of the weld c ross  section. 

speeds varying in increments of five in. per min f rom 25 to  4 5  in. per min. 

A ser ies  of experiments varying the wire speed, but holding the torch speed 

constant for a chosen value was conducted. Acceptable weldments were se -  

lected by visual inspection. 

plotted on a graph (Fig. 3) with coordinates of wire speed versus  travel 

speed. The complete ser ies  of experiments produces an array of points 

for the entire range of torch travel speeds concerned with in this program. 

A continuous curve representing the average value through the plotted points 

was  drawn. 

This experiment was operated for torch t rave l  

Their corresponding wire speeds were then 

Cross sections of acceptable welds were made. Sections were etched 

and photographed. Welding variables pertinent to each selected weld joint 

plotted on graph Fig. 3 a r e  tabulated on Table 2 with their  corresponding 

cross  sectional weldment pictures (Fig. 4). 
plotted for travel speeds f r o m  20 in. per min to 40 in. per min. By setting 

the t ravel  speed for 20 in. per min on the mas ter  control, the point of con- 

tact  between cam and cam lever is found. To reach 40 in. per min, an ad- 

ditional 136 deg rotation on the speed control is required. 

cam must  be designed in this region to decrease the wire speed in accordance 

with the curve, Fig. 3. 

This integration curve was 

Therefore, the 

VI. OPERATING CONTROLS 

At the start of the welding operation it is important that both the 

t ravel  and wire movement go into action immediately. 

should start ahead of the t ravel  movement, a flash-out which welds the wire 

to the end of the contact tube occurs. 

derable inertia, whereas the wire drive has much l e s s  inertia. For this 

reason, a time delay for the wire drive has been incorporated in the c i r -  

cuitry of the controls. 

If the wire feed 

The t ravel  drive represents a consi- 

A master  switch turns on the 1/4-hp motor which brings both speed 

transmissions up to  speed but will not drive the wire or  carr iage unless the 

electric clutches a r e  actuated. Inching switches a r e  provided in the circuitry 

- 8 -  
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to independently bring the carriage and the wire into the start ing position. 

Both switches a r e  then turned off. 

held mas te r  switch will actuate both electr ic  clutches simultaneously. 

c i rcui t ry  diagrams a r e  shown on Fig. 5 and 6 .  

To start the welding operation, a hand- 

The 

VII. CONCLUSIONS AND RECOMMENDATIONS 

The project was successful in  demonstrating that wire  feed and 

t ravel  speed could be maintained in a preset  relationship to eachother  over 

a range of speeds comparable to a given welding bead requirement. 

a speed relationship, to  give a n  approximately uniform bead over a wide 

range, was established under actual welding conditions, it was found that t o  

0btain.a completely satisfactory weld bead, other minor adjustments were 

necessary.  

was the power source voltage. 

quired to maintain uniform arc penetration character is t ics  as the cur ren t  

changed as a resul t  of an  adjustment in the wire  feed ra te  and t ravel  speed 

rate.  

the order  of - t 1/2 volt f rom the init ial  setting. 

adjustments satisfactory welding w a s  not obtained. 

While 

The additional parameter found to  be of pr imary importance 

Minor adjustments in  voltage output were  r e -  

These voltage adjustments were quite small in magnitude, usually on 

However, without these minor 

Thus to  design a t ruly 

one-parameter" control device, the factors  included must control machine I t  

voltage in addition to  the present wire feed and t ravel  speed rates .  

is quite likely that, having incorporated this third parameter ,  additional ad -  

justments might still be necessary to  account for such minor variations in 

a r c  mater ia ls  as wire,  base plate, or  iner t  gas. 

Also it 

- 13 - 
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Fig. 5 Control Circuit for Travel Speed and Delayed Wire Feed Drives 
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Fig .  6 Clu tch  C o n t r o l  No. 5400-278-024 

( W a r n e r  Electric B r a k e  a n d  C lu tch  Comp. ) 
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